benzodiazepine drugs and apparently do not overlap onto other subtypes of receptors. These experiments were performed by both binding assay in tissue sections and by light microscopic autoradiography. The major difference between the labeling of the two compounds is· represented by the peripheral benzodiazepine sites, which are recognized by [3H]diazepam, but not occupied by [3H] alprazolam (at nanomolar concentrations). This difference was readily apparent in the auto radiograms. Other pharmacokinetic or pharmacodynamic properties must distinguish these two benzodiazepines. [Neuropsychopharmacology 8:305-314, 1993J in the treatment of panic disorder (Feighner et Eriksson et al, 1986; Kostowski et al, 1986; Soderpalm and Engel 1989) lap of [3Hlalprazolam onto other sites, a receptor au toradiographic approach (Kuhar et al. 1985) was used in the present study. Previous investigations, aimed at analyzing the distribution of benzodiazepine receptors in the CNS, have principally involved the use of pHlflunitrazepam as the ligand of choice Kuhar 1979, 1980) . Relatively little information is avail able on the binding of [3Hldiazepam after its initial characterization in membrane preparations (Braestrup and Squires 1977; Gallager et al. 1981) . We sought to use a typical anxiolytic compound for comparison with alprazolam and to provide the binding conditions and characteristics for obtaining selective labeling of both [3Hldiazepam and [3H] alprazolam to slide-mounted tissue sections for autoradiographic analysis.
MATERIALS AND METHODS
Male Long-Evan's rats (weighing between 180 and 200 gm) were deeply anesthetized with C02 and perfused intracardially with ice-cold isotonic saline. The brain tis sues of the animals were rapidly dissected free from surrounding structures and frozen onto microtome chucks by slow immersion in isopentane at -70°C. Sec tions, 10 J.1 in thickness, either frontal or sagittal plane, were cut on a cryostat microtome and thaw-mounted onto subbed microscope slides. The brains of some animals were removed from the skull and gently homogenized in a glass tube with a Teflon-coated pes tle. Frozen sections of this homogenate were cut in the cryostat as before. This procedure assured a uniform distribution of different cell types in each section so more consistent data could be obtained. All tissues were stored overnight in the presence of desiccant prior to being utilized in the incubation procedures.
For the biochemical assays, slide-mounted tissue sections of homogenized brain were initially given a 3-minute preincubation period in distilled water to os motically disrupt the cells and release any gamma aminobutyric acid (GABA) or other constituents that may interfere with the subsequent binding of the ra dioactive ligand (McCabe et al. 1988 ). This was followed by two 5-minute rinses, after which individual groups of sections were incubated for 60 minutes in the pres ence of the radioactive ligand in Tris HCl buffer (0.17 mollL, pH 7.6) at between 0 and 4°C. Initially, a 2 nmollL concentration of pHlalprazolam (15 to 45 Ci/mmol, supplied by the Upjohn Company, Kalama zoo, MI) or [3Hldiazepam (85.2 Ci/mmol, Dupont NEN, Boston, MA) was used to label the sections. The rinse time was varied and the tissue sections were wiped from the microscope slides with fIlter paper and the bound radioactiVity determined by liquid scintillation counting. Next, the incubation time was varied, with the rinse time held constant. This was followed by the NEUROPSYCHOPHARMACOLOGY 1 99 3 -VOL. 8, NO.� incubation of groups of sections in various concenm tions of the radioactive ligands to establish saturat i oa Competition studies were performed by labeling sec· tions with a 2-nmollL concentration of the radiolabel� ligand using the parameters established in the previ ously outlined experiments, in the additional presena of 10-4 to 10-11 mollL concentrations of the follo� compounds: clonidine, CL218,872, sulpiride, desipra mine, imipramine, 4-0H alprazolam, or flurazepant The ICso values were obtained by plotting the percent of radioligand bound versus the percent of radioligand bound multiplied by the molar concentration of the competing ligand. In all cases, adjacent sections wert incubated in the presence of 10-6 mollL clonazepam to establish nonspecifIc binding.
For the autoradiographic studies, slide-mounted sections (20 J.1 in thickness) of whole brain were labeled using the optimum binding conditions and, insteadd wiping the sections from the slide, the sections wert dried by blowing cool dry air over the tissue surface, These sections were subsequently exposed to tritium sensitive film (Amersham Hyperfilm, Arlington Heights, IL). After an appropriate exposure period, the fIlms were developed and analyzed by computerized micro densitometry Figure 2 . The inhibition constant (Ki) for each substance is indi cated in Table 1 . Autoradiographic analysis of the binding sites oc cupied by diazepam and alprazolam showed many regions of overlap ( Fig. 3 and Table 2 ). The highest den sities were found in the cerebral cortex, hippocampus, and molecular layer of the cerebellum and substantia nigra. Somewhat lower densities were found in many thalamic and hypothalamic regions as well as at the cau- The Ki values were computed by calculation of the ICso from the inhibition curves, using Graph Pad software (Bylund and Yamamura, 1990) . The experiments were performed in triplicate and each sam ple was repeated three times; the results are expressed as the mean of these experiments. Tissue sections were selected from four differ ent animals and the data pooled. The sections were wiped from the slides and the residual radioactivity remaining bound to the tissue was determined by ligand scintillation counting. b The antidepressant imipramine (selective for 5-HT uptake),
clonidine (an a2-adrenergic receptor agonist), sulpiride (a DA2 receptor antagonist), and desipramine (an antidepressant selective for norepinephrine uptake) did not compete for [3Hlalprazolam binding.
NEUROPSYCHOPHARMACOLOGY 199 3 -VOL. 8, NO.4 centrations used in this study. This was quite remark· able on the autoradiograms generated by inhibiting the binding of one compound with the other (Fig. 4) affinity GABAA sites (Unnerstall et al. 1981; Wamsley and Palacios 1984; McCabe and Wamsley 1986) . The results of the present study support the con clusion that [3H]alprazolam recognizes those sites la beled with [3H]diazepam. Computerized microdensito metric analysis of the autoradiographic fIlms generated by the two ligands show only relative differences in the amount of labeling in individual regions of the brain where benzodiazepine receptors exist. By standardiz ing these measurements to a central area, no statisti cally different amount of labeling could be obtained by one ligand versus the other, even though the labeling of diazepam is relatively higher in each individual area. Thus, it would appear that the receptor sites recognized by [3H]alprazolam and [3H] diazepam are the typical benzodiazepine receptors described in classic studies.
Using conditions that provide optimum signal-to noise binding ratios, it was possible to create competi tion between one of the radioactive ligands against the other. As higher and higher concentrations were reached, it should have been possible to demonstrate NEUROPSYCHOPHARMACOLOGY 1993-VOL. 8, NO. appearance of these receptors in many tissues (Bena vides et al. 1983a; Le Fur et al. 1983; Quirion 1984; Wang et al. 1984a,b; De Souza et al. 1985; Mestre et al. 1986; Starosta-Rubinstein et al. 1987; Verma et al. 1987 ).
There are several other possible explanations for alprazolam's effects that involve pharmacodynamic differences with other benzodiazepine compounds (Fawcett and Kravitz 1982; Sethy and Harris 1982a; St thy 1983) . For instance, low doses of alprazolam aPPII ently result in an increase of benzodiazepine receplll numbers, rather than a decrease (Miller et al. 1987) 1 .
seen with higher doses (Sethy and Harris 1982b) .1t terestingly, the peripheral benzodiazepine bindingsilll have been associated with various effects includq production of steroid hormones, renal hypertension and an interaction with anesthetic binding sites (W� et al. 1984a,b; Eriksson et al. 1986; Mestre et al.l98h Clark and Post 1990; Massotti et al. 1990; Papadopoub et al. 1990 ). How these effects relate to the central mem anisms involved in the potential actions of compound! acting at these sites remains to be' determined. Likf. c.exception is readily noted in the fourth ventricle (LR4V). This area contains the peripheral sites recognized by diaze filii. but not by low concentrations of alprazolam. Thus, these sites are bound by the radioactive drug, but not inhibited olE). They are un recognized by the radioactive compound in (F). Abbreviations: OB = olfactory bulb; IV = lamina IV dlhtcerebral cortex; LV = lateral ventricle; H = hippocampus; DG = dentate gyrus; SuG = superfIcial grey layer of the �r colliculus; IC = inferior colliculus; Tu = olfactory tubercle; AA = amygdaloid area; SN = substantia nigra. IiFurG, Guilloux F, Rufat P, Benavides J, Uzan A, Renanet
